Abstract. Renal cell carcinoma (RCC) is the most common type of kidney cancer in adults, responsible for approximately 90-95% of cases. We previously reported a novel method that enables direct extraction of extracellular vesicles (EVs) from surgically resected viable tissues, yielding what we term tissue-exudative extracellular vesicles (Te-EVs). Quantitative LC/MS analysis identified 3,871 proteins in Te-EVs, among which leukocyte-associated immunoglobulin-like receptor 1 (LAIR1) was highly enriched in tumor Te-EVs. In the present study, we found that LAIR1 was significantly upregulated in clinical specimens of human RCC tumor tissues compared to that noted in adjacent non-cancerous renal tissues as determined by quantitative PCR analysis. LAIR1 overexpression resulted in accelerated cell proliferation and tumor growth in RCC cells. Moreover, knockdown of LAIR1 using siRNA significantly inhibited cell proliferation in RCC cells. Mechanistically, LAIR1 upregulated the phosphorylation status of Akt, which in turn increased cell proliferation in RCC cells. In clinical RCC specimens, RCC patients with high LAIR1 mRNA expression showed poor progression-free survival compared to those with low LAIR1 expression. These findings indicate that LAIR1 promotes tumorigenesis in RCC.
Introduction
Renal cell carcinoma (RCC) is the leading cause of cancer-related death among all urological malignancies (1) . Early-stage RCC is usually curable by surgical resection, but a large number of early-stage RCC cases are asymptomatic, with approximately one-third of all patients presenting with metastatic cancer at the time of diagnosis (2, 3) . Therefore, a better understanding of the molecular mechanisms of RCC progression is crucial for the discovery of novel prognostic markers and targeted therapies.
Extracellular vesicles (EVs), including exosomes, microvesicles and apoptotic bodies, are released by almost all cell types, including tumor cells. Recently, EVs have been shown to play an important role in the development of cancer, facilitating cell-cell communication between cancer cells and the surrounding microenvironment (4) . However, previous EV-related studies have mainly focused on exosomes derived from cultured cells. Therefore, to understand cancer-associated EV functions in the human body, we obtained EVs from freshly resected RCC tissue (tumor and adjacent normal renal tissue) by means of a brief incubation in serum-free medium, yielding what we term tissue-exudative extracellular vesicles (Te-EVs) (5) . Quantitative LC/MS analysis revealed 106 RCC-specific Te-EV proteins. Among the 106 upregulated proteins, we focused on leukocyte-associated immunoglobulin-like receptor 1 (LAIR1) as a novel cancer-associated EV protein.
LAIR1 is a type I transmembrane glycoprotein of 287 amino acids containing a single extracellular C2-type Ig-like domain and two immunoreceptor tyrosine-based inhibitory motif (ITIMs) in its cytoplasmic tail (6) monocyte-derived dendritic cells, eosinophils, and basophils and mast cells (6) (7) (8) (9) (10) . LAIR1 can inhibit T-cell receptor complex (TCR) mediated signals, possibly via the recruitment of Csk, the SH2 domain-containing protein tyrosine phosphatases SHP-1 or SHP-2, and to a certain extent on signaling through p38 and Erk (11) . Unlike other immune-inhibitory receptors such as PD-1 or CTLA4, the functional ligands of LAIR1 are collagens, which upon binding to LAIR1 inhibit immune cell activation (12) . However, to the best of our knowledge, no reports have investigated the expression and function of LAIR1 in RCC.
In the present study, we found that LAIR1 was significantly upregulated in RCC tissues compared to that noted in the normal renal tissues. LAIR1 overexpression promoted cell proliferation by upregulating Akt phosphorylation in RCC cells in vitro. Moreover, LAIR1 overexpression accelerated in vivo tumor growth in a mouse xenograft model. To the best of our knowledge, this is the first report showing that overexpression of LAIR1 contributes to RCC progression.
Materials and methods

Chemicals and antibodies.
Monoclonal anti-CD9 antibody (clone 12A12), monoclonal anti-CD63 antibody (clone 8A12) and monoclonal anti-CD81 antibody (clone 12C4), which were previously confirmed to have high specificity for their targets (13, 14) , were purchased from Cosmo Bio Co., Ltd. (Tokyo, Japan). Monoclonal anti-LAIR1 antibody (cat. no. ab14826) and polyclonal anti-mouse IgG (20 nm gold) preadsorbed antibody (cat. no. ab27242) were purchased from Abcam (Burlingame, CA, USA). Polyclonal anti-LAIR1 antibody (cat. no. HPA011155), monoclonal anti-β-actin antibody (cat. no. A2228) and LY294002 were purchased from Sigma-Aldrich (Merck KGaA, Darmstadt, Germany). Monoclonal anti-pErk1/2 (cat. no. 4370), anti-Erk1/2 (cat. no. 4695), anti-pAkt (cat. no. 4060), anti-Akt (cat. no. 4691), anti-pS6 kinase (cat. no. 9234) and anti-S6 kinase (cat. no. 9202) were purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA). The C terminal FLAG-tagged LAIR1 inserted into pcDNA3.1 (pcDNA3.1/LAIR1-FLAG) was purchased from GenScript Biotech Corp. (Township, NJ, USA).
Clinical specimens. T he RCC speci mens (tot a l 95 paired samples) were obtained from patients undergoing primary resection at the Osaka University Medical Hospital (Osaka, Japan) between 2002 and 2011. Tumor-associated normal renal tissue was also obtained from a subset of these patients when possible. There were no cases with multiple tumors in the present study. Histological diagnosis was established with standard hematoxylin and eosin-stained sections by two senior pathologists experienced in RCC diagnosis. Tumors were staged according to the 6th AJCC TNM staging system (https://cancerstaging.org/references-tools/ deskreferences/Pages/default.aspx) and graded according to Fuhrman's nuclear grading system (15) . Written informed consent was obtained from each patient, and the study was approved by the ethics review board of the Osaka University Medical Hospital. The pathological information for the clinical tissue is documented in Table I .
Purification of extracellular vesicles. Purification of Te-EVs was performed according to the method of Jingushi et al (5) . In brief, following excision, the tissue samples were immediately immersed in 4 ml Dulbecco's modified Eagle's medium (DMEM) (Wako Pure Chemical Industries, Ltd., Tokyo, Japan) without fetal bovine serum (FBS; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and stored at 4˚C for 1 h. Tissue-immersed medium was then centrifuged at 2,000 x g for 30 min, and the collected supernatants were subjected to the ultracentrifuge method for recovery of Te-EVs. The protein concentration of the obtained tissue-exudative EVs was measured using Micro BCA Protein Assay kit (Thermo Fisher Scientific, Inc.).
For purification of EVs from cell cultured conditioned medium (CM-EVs), RCC cell lines (renal cell carcinoma: 786-O; clear cell renal cell carcinoma: Caki-1; papillary renal cell carcinoma: Caki-2 and ACHN) were seeded into three 10-cm dishes (5.0x10 5 cells/dish) and incubated for 48 h. Cells in cultured medium (RPMI-1640) were then centrifuged at 2,000 x g for 30 min, then at 16,000 x g for 30 min, and the collected supernatants were subjected to the ultracentrifuge method for recovery of EVs. The protein concentration of the obtained CM-EVs was measured using the Micro BCA Protein Assay kit (Thermo Fisher Scientific, Inc.).
Liquid chromatography-tandem mass spectrometry (LC/MS)
analysis. The EV-containing eluates of EVSecond columns (GL Sciences, Tokyo, Japan) were dried and resolved in 20 mM HEPES-NaOH (pH 8.0), 12 mM sodium deoxycholate and 12 mM sodium N-lauroyl sarcosinate. Following reduction with 20 mM dithiothreitol (DTT), at 100˚C for 10 min and alkylation with 50 mM iodoacetamide at ambient temperature for 45 min, proteins were digested with 5 µl of immobilized trypsin (Thermo Fisher Scientific, Inc.) with shaking at 1,000 rpm at 37˚C for 6 h. After removal of sodium deoxycholate and sodium N-lauroyl sarcosinate by ethyl acetate extraction, the resulting peptides were desalted by Oasis HLB µElution plate (Waters Corp., Milford, MA, USA) and subjected to mass spectrometric analysis. Peptides were analyzed by LTQ-Orbitrap-Velos mass spectrometer (Thermo Fisher Scientific, Inc.) combined with UltiMate™ 3000 RSLCnano-flow HPLC system (Thermo Fisher Scientific, Inc.). Protein identification and quantification analysis were performed with MaxQuant software (https://www.biochem. mpg.de/5111795/maxquant). The MS/MS spectra were searched against the Homo sapiens protein database in SwissProt, with a false discovery rate set to 1% for both peptide and protein identification filters. Only 'Razor + unique peptides' were used for the calculation of relative protein concentration. For Te-EV protein cargo analysis, all detected peaks were standardized by adjusting the median value to 1.0x10 4 .
Western blot analysis. Cells were lysed with Laemmli SDS sample buffer containing 5% 2-mercaptoethanol. EV samples were lysed with Laemmli SDS sample buffer with or without 2-mercaptoethanol. Protein samples were separated on a 7.5-15% sodium dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis (PAGE) gel and then transferred to a polyvinylidene difluoride (PVDF) membrane using the Bio-Rad semi-dry transfer system (Bio-Rad-Laboratories, Hercules, CA, USA) (1 h, 12 V). Immunoreactive proteins made to react with the antibodies previously described (1:1,000 dilution) were visualized by treatment with a detection reagent (ECL Prime Western Blotting Retection reagent; GE Healthcare, Chicago, IL, USA). Densitometric analysis was performed using the NIH ImageJ software (version 1.51v; NIH; National Institutes of Health, Bethesda, MD, USA).
Transmission electron microscope (TEM) analysis.
TEM analysis was performed according to the method of Lässer et al (16) . EV samples (1 µg) were placed on a formvar carbon-coated nickel grid for 1 h. EVs were fixed with 2% paraformaldehyde and then incubated with the primary antibodies (1:500 dilution) at room temperature for 1 h. Immunoreactive EVs were labeled with the secondary (anti-mouse IgG) antibody preadsorbed onto 20 nm gold nanoparticles and visualized (magnification, x25,000) with the Hitachi H-7650 transmission electron microscope (Hitachi Ltd., Tokyo, Japan).
qPCR for LAIR1 mRNA expression. Total RNA was isolated using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). PrimeScript RT Reagent kit (Takara Bio, Inc., Otsu, Japan) was used to prepare cDNA from 500 ng total RNA. The LightCycler ® 96 System (Roche, Rotkreuz, Switzerland) was used for qPCR analysis. Thermal cycling conditions for LAIR1 included an initial step at 95˚C for 30 sec, followed by 40 cycles of 95˚C for 15 sec, 60˚C for 15 sec, and 72˚C for 15 sec. Thermal cycling conditions for GAPDH included an initial step at 95˚C for 30 sec, followed by 40 cycles of 95˚C for 15 sec, 59˚C for 30 sec, and 72˚C for 15 sec. Primer sequences for gene amplification were as follows: LAIR1 forward, 5'-CCT GAC CTG GCT GTT GAT GTT CT-3' and reverse, 5'-GCC CGG GCT GTC CTC TGT-3'; GAPDH forward, 5'-CCA TCA CCA TCT TCC AGG AG-3' and reverse, 5'-AAT GAG CCC CAG CCT TCT CC-3'.
Immunohistochemistry. The expression of LAIR1 was determined by immunohistochemical staining of paraffinembedded tissues of normal kidney or RCC. Formalin-fixed paraffin-embedded sections (5-µm in thickness) were deparaffinized and rehydrated. After the slides were steamed for 20 min in 10 mmol/l citrate buffer (pH 6.0) for antigen retrieval, endogenous peroxidase was blocked using 3% H 2 O 2 . Immunohistochemical staining for LAIR1 was performed using anti-LAIR1 (dilution 1:500; cat. no. HPA011155; Atlas Antibodies, Romma, Sweden) and the EnVision+ Detection System (Dako; Agilent Technologies, Inc., Santa Clara, CA, USA), according to the manufacturer's instructions. Primary antibodies were incubated overnight at 4˚C and counter-stained with hematoxylin.
Cell culture. Four human RCC cell lines (786-O, Caki-1, Caki-2 and ACHN), obtained from the American Type Culture Collection (ATCC; Manassas, VI, USA), were cultured in RPMI-1640 medium (Wako Pure Chemical Industries, Ltd.) supplemented with 10% FBS (Thermo Fisher Scientific, Inc.), 100 U/ml penicillin G and 0.1 µg/ml streptomycin.
siRNA and DNA transfection. siRNA duplexes used to downregulate LAIR1 expression (LAIR1 stealth siRNA #1: HSS142792, LAIR1 stealth siRNA #2: HSS142794, LAIR1 stealth siRNA #3: HSS180495) and a negative control stealth siRNA duplex (#12935110) were purchased from Thermo Fisher Scientific, Inc. For all siRNA transfection studies, 5x10 4 Caki-2 cells were seeded in a 12-well plate and 50 nM siRNA was transfected using Lipofectamine RNAiMAX reagent (Life Technologies; Thermo Fisher, Scientific, Inc.). For DNA transfection, 8x10 4 ACHN cells were seeded in a 12-well plate 24 h before transfection. DNA transfection (1 µg) was performed using Lipofectamine ® 2000 transfection reagent (Life Technologies; Thermo Fisher, Scientific, Inc.).
Establishment of cell lines with stable LAIR1-FLAG expression.
T he vector expressing LA I R1-F LAG (pcDNA3.1/LAIR1-FLAG) or empty vector (pcDNA3.1) was transfected into ACHN cells and cultured in a medium containing 2 mg/ml G418 (Roche, Basel, Switzerland) for selection.
Water-soluble tetrazolium salt-8 (WST-8) cell proliferation assay. Cell proliferation was examined by WST-8 assay. ACHN cells stably expressing LAIR1 or empty vector, or Caki-2 cells transfected with the LAIR1 siRNA or a negative control siRNA, were seeded in a 96-well plate (0.05x10 4 cells/well) and incubated for the indicated time. After incubation for 2 h with the WST-8 reagent (Dojindo Laboratories, Osaka, Japan) at 37˚C and 5% CO 2 , the optical density was read at a wavelength of 450/630 nm (Ex/Em).
Anchorage-independent cell proliferation assay. Single cells were seeded into Nunclon Sphera 96F-well plates (Corning Inc., Corning, NY, USA) (ACHN cells: 0.4x10 4 cells; Caki-2 cells: 0.8x10 4 cells) in RPMI-1640 supplemented with 0.03% SphereMAX (Nissan Chemical Industries, Osaka, JAPAN), 10% FBS, 100 U/ml penicillin G and 0.1 µg/ml streptomycin. After 7 days, the spheres were stained with 10 µg/ml of calcein AM (BD Biosciences, Franklin Lakes, NJ, USA) and incubated for 30 min at 37 o C, 5% CO 2 . Total sphere number was measured using the BZ-X800 fluorescence microscope at x20 magnification (Keyence Corp., Osaka, Japan).
Wound healing assay. Cells were seeded into a 24-well plate (4.0x10 4 cells/well) and incubated for 72 h at 37˚C, in 5% CO 2 . A wound was created in a monolayer of ~90% confluent cells using a sterile 1-ml pipette tip. Cell images were recorded at 0 and 24 h for ACHN cells after wound creation using an Olympus IX71 fluorescence microscope at x40 magnification (Olympus Corp., Tokyo, Japan).
Cell invasion assay. The BioCoat Tumor Invasion system with the 8.0-µm pore size FluoroBlok membrane (Corning Inc.) was used to perform the cell invasion assay. Cells were seeded in the insert of 96-well plate (2x10 4 cells/well) in serum-free conditions, and medium supplemented with 10% FBS was used as a chemoattractant in the base plate. Following incubation for 12 h at 37˚C, in 5% CO 2 , the cells were labeled with calcein AM (4 µg/ml), and the fluorescence of the invaded cells was read at a wavelength of 494/517 nm (Ex/Em).
Establishment of LAIR1-FLAG stable cell-xenograft mice.
Nine female BALB/c nude mice were obtained from Oriental Yeast Co., Ltd. (Tokyo, Japan). Six-week-old mice were used for LAIR1-FLAG stable cell-xenograft mouse experiments. Animals were kept under a 12-h light/dark cycle at 22-24˚C in a pathogen-free mouse facility. Food and water were given ad libitum. ACHN-LAIR1-FLAG (LAIR1 #2) and ACHN-empty vector (mock) cells were both adjusted to a concentration of 1. Nanoparticle tracking analysis (NTA). EV samples diluted with phosphate-buffered saline (PBS) (1:1,000 dilution) were analyzed with the NanoSight LM10 instrument (Quantum Design Japan, Tokyo, Japan) equipped with the NTA 2.0 analytical software (NanoSight Ltd., Malvern, UK). All measurements were performed under identical processing conditions (NTA 2.3 build 0034, Detection Threshold: 4 Multi, min Track Length: Auto, min Expected Size: Auto).
Evaluation of RCC EVs on anchorage-dependent and anchorage-independent cell proliferation. The EVs obtained from ACHN-LAIR1-FLAG (LAIR1 #2) or ACHN-empty vector (mock #1) cells (2 µg) were incubated with ACHN-empty vector (mock #1) cells and subjected to anchorage-dependent or anchorage-independent cell proliferation assays.
Association of LAIR1 expression with patient prognosis.
Patients with no prognostic information were excluded and then the LAIR1 expression profiles were combined with the corresponding survival prognostic information. The prognostic value of each LAIR1 level was evaluated using a Kaplan-Meier curve and the log-rank method by GraphPad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA, USA). Patients were divided into the high expression and low expression groups for each of the LAIR1 according to the mean value of the expression. Follow-up time was as follows. Overall survival: Median, 2,110 days (8-4,721 days); Progression-free survival: Median, 1,443.5 days (28-4,721 days).
Statistical analysis.
Results are expressed as the mean ± standard deviation of the mean (SD). Differences between the values were statistically analyzed using the Student's t-test, paired t-test or one-way analysis of variance (ANOVA) with Tukey's post hoc tests (GraphPad Prism 6.0; GraphPad Software, Inc.). Association of clinical parameters with the LAIR1 mRNA level was tested by Mann-Whitney test. Overall survival and progression-free survival were calculated using the Kaplan-Meier method, and differences between groups were assessed by log-rank tests. A P-value of <0.05 was considered to indicate a statistically significant result.
Results
LAIR1 is enriched in RCC Te-EVs. LC/MS analysis identified LAIR1 as aberrantly enriched in RCC Te-EVs compared to
Te-EVs obtained from adjacent normal renal tissues (Fig. 1A) . The mass spectrometric quantification results were further confirmed by western blot analysis (Fig. 1B) . Transmission electron microscope (TEM) analysis illustrated that the isolated Te-EVs expressed LAIR1 on their surfaces (Fig. 1C) . LAIR1 mRNA levels were significantly elevated in RCC tissues compared with the adjacent normal renal tissues ( Fig. 1D and Table II) . To investigate the LAIR1 function in RCC cells, we evaluated the LAIR1 protein expression in four RCC cell lines. Although the LAIR1 expression differed among the four cell lines, all cell lines expressed LAIR1 in whole cell lysates as well as in the EVs isolated from the cultured media (Fig. 1E) . These results suggest that LAIR1 expression is elevated in RCC tissue, and that LAIR1 is secreted in extracellular vesicles (EVs) from RCC cells. Fig. 2A) . LAIR1 overexpression upregulated both anchorage-dependent (Fig. 2B ) and anchorage-independent (Fig. 2C ) cell proliferation in ACHN cells. Moreover, although it did not significantly impact invasion ability (Fig. 2E) , LAIR1 overexpression upregulated cell migration (Fig. 2D ) in ACHN cells. Since LAIR1 siRNA #1 had no knockdown effect on LAIR1 protein levels, LAIR1 siRNA #2 and #3 were used for subsequent experiments (Fig. 2F) . LAIR1 knockdown suppressed anchorage-dependent cell proliferation in Caki-2 cells (Fig. 2G) .
LAIR1 promotes cell proliferation in RCC cells. To investigate the biological functions of LAIR1 in RCC cells, we first constructed ACHN cells stably overexpressing LAIR1 (
To clarify the tumor-promoting potential of LAIR1 expression in vivo, ACHN cells stably expressing LAIR1 were xenografted into nude mice. These cells showed accelerated growth of tumor volume and increased tumor weight compared with empty vector-transfected ACHN cells (Fig. 2H and I) , suggesting that increased LAIR1 expression upregulates RCC cell proliferation, leading to accelerated tumor growth.
EV-LAIR1 has no significant effect on cell proliferation in RCC cells. To elucidate whether RCC-derived EV-LAIR1
has the potential to upregulate RCC cell proliferation, we examined the biological effects of LAIR1-overexpressed EVs (LAIR1 #2 EVs) on RCC cells. EVs isolated from ACHN cells stably overexpressing LAIR1 were confirmed by western blot analysis using the well-defined EV marker CD81 (Fig. 3A) . Nanoparticle tracking analysis showed that the isolated particles were under 200 nm in size and that there was no significant difference in secreted particle number between the mock vector-transfected ACHN cells and LAIR1-overexpressing ACHN cells (Fig. 3B and C) . As shown in Fig. 3D and E, LAIR1 #2 EVs did not significantly impact either anchorage-dependent or anchorage-independent cell proliferation in empty vector-transfected ACHN cells (mock cells), suggesting that LAIR1 upregulates RCC cell proliferation irrespective of secreted EV-LAIR1. To examine whether LAIR1 was expressed not only in RCC cells but also in surrounding stromal cells, immunohistochemical staining was carried out on RCC tissues. Immunohistochemical staining revealed that RCC cells (Fig. 3F ) and stromal cells (Fig. 3G ) expressed LAIR1 in RCC tissues. Notably, stromal cells adjacent to RCC cells also expressed LAIR1 in RCC tissues (Fig. 3F , sample no. 15), suggesting that EV-LAIR1 secreted from RCC cells may be taken up by surrounding stromal cells.
LAIR1 promotes cell proliferation via Akt in RCC cells.
Since the PI3K/Akt/mTOR pathway is a key hub for oncogenic processes including cell proliferation in RCC (17), we next examined the effect of LAIR1 on the PI3K/Akt/mTOR pathway. As shown in Fig. 4A , LAIR1 knockdown in Caki-2 cells decreased phosphorylation of Akt, whereas Erk1/2 and S6 kinase were not significantly affected. Moreover, in anchorage-independent growth systems, LAIR1
knockdown decreased the level of Akt phosphorylation in Caki-2 cells (Fig. 4B) . On the other hand, LAIR1 overexpression upregulated the level of Akt phosphorylation in ACHN cells (Fig. 4C) . To clarify the relationship between LAIR1 and Akt phosphorylation status, we evaluated the effect of the PI3K inhibitor (LY294002) on LAIR1-upregulated anchorage-independent cell proliferation. Although LY294002 significantly decreased the cell proliferation in empty vector-transfected ACHN cells, LAIR1 overexpression attenuated the effect of LY294002 on ACHN cells, suggesting that LAIR1 promotes cell proliferation via upregulation of Akt phosphorylation in RCC cells (Fig. 4D) .
High LAIR1 expression correlates with poor progression-free survival in RCC.
Finally, Kaplan-Meier survival curve analyses were performed in RCC patients. These curves indicated that high expression of LAIR1 mRNA in RCC tissue was associated with poor progression-free survival (Fig. 5) . 
Discussion
In the present study, we identified aberrant LAIR1 overexpression as a consequential factor in the development of renal cell carcinoma (RCC). A receptor widely expressed on immune cells, leukocyte-associated immunoglobulin-like receptor 1 (LAIR1) has previously been reported to play a role in leukemia, with multiple studies indicating that blocking LAIR1 activation in leukemia cells decreases cell proliferation. Poggi et al demonstrated that in B-cell chronic lymphocyte leukemia cells, antibody engagement with LAIR1 blocks the activation of Akt and NF-κB leading to decreased cell proliferation (18) and Kang et al showed that LAIR1 knockdown significantly inhibited in vitro and in vivo cell growth in human leukemia cell lines (19) . These findings are consistent with our current study, which shows that siRNA knockdown of LAIR1 reduced cell proliferation via suppression of Akt phosphorylation in RCC cells. Moreover, Kang et al revealed that LAIR1 deficiency exhausted tumor-initiating cells via apoptosis in mouse acute myeloid leukemia cells. Our data showed that LAIR1 promotes anchorage-independent cell proliferation activity, which represents one of the key features of cancer stem cells. LAIR1 upregulated Akt phosphorylation, which leads to cancer stem cell activation and promotes tumor development in RCC (20, 21) . Therefore, LAIR1 may regulate cell proliferation by activating cancer stem cells via upregulation of Akt phosphorylation in RCC.
In addition to leukocyte Ig-like receptor subfamily B (LILRB)2, LILRB4 (22, 23) , which contains identical domain organization to LAIR1, LAIR1 has been shown to have tumor-promoting roles in leukemia (19) and RCC cells. SHP-1, which directly binds to the ITIM region of LAIR1 and transfers the signal downstream, is known to act as either an oncogene or as a tumor suppressor depending on the type of cancer (24) . In RCC, inhibition of SHP-1 significantly decreased the proliferation of RCC cell lines (25) . Moreover, SHP-1 inhibition downregulated the phosphorylation status of Akt in RCC cells, suggesting that downstream of LAIR1, SHP-1 acts as an oncogene in RCC cells leading to upregulation of Akt phosphorylation.
Although we performed flow cytometric analysis, we could not detect LAIR1 on the cell surface in RCC cell lines (data not shown). Our IHC data (Fig. 3F ) and the IHC data from the public database (The Human Protein Atlas) show both membranous and cytoplasmic staining of LAIR1 in RCC cells. In ovarian cancer cells, the localization of LAIR1 was dependent on cell lines. LAIR-1 proteins were localized on both the plasma membrane and in the cytoplasm of COC1 cells, while predominately localized in the cytoplasm of HO8910 cells (26) . Moreover, LAIR1 knockdown affected the cell proliferation in HO8910 cells, where LAIR1 was localized in the cytoplasm (26) . Therefore, although the underlying mechanism is unclear, we think that LAIR1 may localize in the cytosol and promote tumorigenesis in RCC cells.
Some of the tissue-exudative extracellular vesicles (Te-EVs) obtained from normal renal tissue showed high CD9 expression compared to those in RCC Te-extracellular vesicles (EVs). In our previous study (5), we found that most of tetraspanins including CD9 were often downregulated in tumor-derived EVs compared to those in normal-derived EVs. Moreover, Kwon et al showed that 54% of RCC patients had low CD9 expression (27) . Therefore, the low CD9 expression in RCC Te-EVs may be due to the CD9 expression pattern in RCC tissue.
We initially identified LAIR1 as a protein enriched in RCC-derived Te-EVs. Since overexpression of LAIR1 accelerated tumor growth in vivo, we investigated whether treatment of RCC cells with EV-LAIR1 isolated from RCC EVs were sufficient to affect cell proliferation. Our data indicated that incubation of RCC cells with EV-LAIR1 had little direct effect on proliferation. EVs are one of the tools by which cancer cells communicate with themselves, other cell types (e.g., vascular endothelial cells, immune cells and fibroblast), and the surrounding supportive structures constituting the tumor microenvironment (28) . It is becoming increasingly apparent that the contents of EVs may endow them with potent reprogramming capacity for manipulating recipient cells (29) (30) (31) (32) . In renal cancer, Grange et al (33) reported that renal cancer cells secrete EVs, which activate vascular endothelial cells to organize capillary-like structures and induce enhanced chemoresistance. Our data showed that not only RCC cells but also stromal cells adjacent to RCC were LAIR1-positive (Fig. 3F) , suggesting that EV-LAIR1 secreted from RCC cells may influence the tumor microenvironment and lead to accelerated tumor growth. Although our in vivo xenograft model could not address the effect of EV-LAIR1 on tumor microenvironment including immune cells, further studies using mouse allograft model may solve this issue.
In conclusion, the present study showed that LAIR1 was secreted in EVs from RCC cells, and that LAIR1 intracellular signaling enhanced Akt phosphorylation, leading to accelerated tumor growth in RCC cells.
